The enzyme uridine diphosphoglucose pyrophosphorylase (UDPGP) catalyzes the formation of uridine diphosphoglucose (UDPG), which is the glucosyl donor for the synthesis of cellulose (1, 2) and many other polysaccharides (20) . UDPGP-deficient Escherichia coli mutants are altered in the carbohydrate part of the lipopolysaccharide layer (7, 21) ; this alteration affects the synthesis of the flagella (11) . UDPGP is also involved in galactose utilization (7) , modification of bacteriophage DNA (19) , bacterial osmoregulation (8) , and developmental regulation in the slime mold Dictyostelium discoideum (5) . Despite the important role of UDPGP in metabolism, the primary structure of the gene encoding this enzyme has not previously been reported for any procaryotic species.
Bacterial strains and plasmids used are described in Table  1 . The Acetobacter xylinum UDPGP gene (celA) wa, originally cloned as a 2.8-kb HindIII fragment by complementation of cellulose-negative mutants (24) . Templates for sequencing of the cloned fragment were obtained by constructing exonuclease III deletion derivatives of plasmid pKF1O and a derivative of this plasmid in which the insert was cloned in the opposite orientation. The plasmids were digested with KpnI and SalI (unique sites in the polylinker) prior to exonuclease III degradation from the SalI site. Initial experiments using transposon mutagenesis showed that the complementing function was localized within a 1.5-kb HindIII-XhoI region of the 2.8-kb fragment (data not shown), and the 1.5-kb complementing region was subjected to DNA sequence analysis by the method of Sanger et al. (18) . The relevant part of this sequence is shown in Fig. 1 .
One long open reading frame (ORF) was identified, starting at either GTG (nucleotides [nt] 110 to 112 or nt 185 to 187) or ATG (nt 197 to 199) and terminating at TGA (nt 962 to 964). Potential Shine-Dalgarno (SD) sequences (9) associated with two of the putative translation initiation codons were identified at positions 97 to 100 (GAGG) and 192 to 195 (AGGA). RNA secondary structure predictions (25) indicated two stem-loop structures involving nt 961 to 1129. This predicted structure 3' of the translational stop codon might be involved in termination of transcription.
In order to identify the biologically active initiation codon, we used an expression system based on the plasmid vector pT7-5. This plasmid contains a promoter (440) which is specifically recognized by the bacteriophage T7 RNA poly-* Corresponding author. merase, and the system was used to obtain regulated expression of the UDPGP gene from this promoter. Two pKF10 deletion (from the celA upstream side) derivatives constructed for the DNA sequence analysis were used as a source of celA DNA for the expression analysis. The celAcontaining SacI (site in the pKF10 polylinker)-XhoI (site in celA) fragments from these two derivatives were subcloned into the pT7-5 polylinker (after digestion with Sacl plus SalI), generating pGB31 and pGB119. In addition, we also constructed plasmid pGB89 by cloning the 1.1-kb celAcontaining NsiI-HindIII fragment from pGB31 into the pT7-5 polylinker (digested with PstI plus HindIII). The natures of all three constructs are shown in Fig. 2 .
Transcription from the +10 promoter in the pGB constructs is dependent on the presence of the T7 RNA polymerase, which is expressed from a temperature-inducible promoter (X PL) in a separate replicon (pGP1-2). Exclusive expression from the 4i10 promoter is achieved by first inducing transcription of the T7 RNA polymerase and then inhibiting the activity of the host RNA polymerase with rifampin (22) .
For expression analysis, the pGB plasmids (and pGP1-2) were transformed into the UDPGP-deficient E. coli strain FF4001. Cells were grown in L-broth (24) containing 0.2% glucose at 30°C to a cell density of approximately 5 x 108 cells per ml prior to induction. Heat induction of transcription from the +10 promoter was performed by the method of Tabor and Richardson (22) , and UDPGP activities were measured in crude enzyme extracts as described previously (6) .
The results of the expression analysis (Table 2) demonstrated that pGB31, but not pGB89 or pGB119, expressed UDPGP in the absence of the T7 RNA polymerase. These results indicated that the native celA promoter was eliminated in the latter two constructs.
Analysis of enzyme extracts prepared from heat-induced cells carrying pGP1-2 and the different pGB derivatives showed that only the cells containing pGB89 expressed UDPGP at a high level. Since there is no SD sequence in the 410-polylinker region of pT7-5, the presence of a biologically active SD sequence in pGB89 was indicated. Extracts prepared from uninduced cells containing pGP1-2 and pGB89 also exhibited significant UDPGP activity. This uninduced expression is probably caused by the leakage synthesis known to occur in this system (22) . There was no expression of UDPGP activity in induced cells containing pGP1-2 and pGB119, and thus it could be concluded that the biologically active SD sequence is eliminated in pGB119.
The UDPGP activity in cells containing pGB31 and pGP1-2 was not significantly stimulated after induction of T7 RNA polymerase synthesis. The reason for this is not known, but it seems possible that the host RNA polymerase binds to the native celA promoter and thereby represses the activity of the T7 RNA polymerase. This interpretation is supported by the fact that binding of the host RNA polymerase is known to take place also in the presence of rifampin (13) and that the binding affinity is much higher than for the T7 RNA polymerase (3) .
All data from the expression analysis are thus consistent with the hypothesis that the putative SD sequence at nt 97 to 100 is biologically active and that translation starts at the GTG at position 110 to 112. The corresponding ORF encodes a protein with a predicted molecular weight of 30,900 (284 amino acids).
The results of the expression analysis showed that the native celA promoter can initiate transcription in E. coli, and we have previously reported that the celB gene is expressed in E. coli from an A. xylinum promoter (6) . It has been shown that foreign promoters active in E. coli usually show significant homology to the U7o consensus sequence (23) , and a sequence homologous to the -10 region of E. coli u70 promoters (12) could be identified at position 50 to 55 (TGTAAA). Since we have not performed a transcriptional analysis of the expression from the native celA promoter, the biological function of the putative -10 region is at present unknown.
In order to visualize the protein encoded by the identified ORF, we performed an in vitro coupled transcription-translation analysis of a purified 1.15-kb SacI-XhoI fragment (containing the sequence from nt 1 down to the XhoI site) obtained from a deletion derivative of pKF10. The result of this analysis is shown in Fig. 3 and demonstrates that the DNA fragment directed the synthesis of a protein with a molecular weight of about 30,000, which correlates well with the calculated molecular weight deduced from the identified ORF.
It has been shown previously that the UDPGP from Salmonella typhimurium exhibits substantial deoxythymidine diphosphoglucose pyrophosphorylase (dTDPGP) activity (15) , and conversely, dTDPGP from Pseudomonas aeruginosa also shows some UDPGP activity (14) . We have tested the activity of the enzyme expressed from pGB89 in induced cells of FF4001 with respect to the substrates adenosine diphosphoglucose, cytidine diphosphoglucose, guanosine diphosphoglucose, and deoxythymidine diphosphoglucose. Due to the high levels of UDPGP expressed in these cells, the analysis could be performed directly in crude enzyme extracts. All substrates were supplied at a concentration of 1.0 mM, and assay conditions were otherwise as described previously (6) . The analysis showed that the rates of pyrophosphorolysis of the alternative substrates were less than 0.6% of the UDPGP activity. The UDPGP expressed from celA in E. coli thus appears to be highly specific for UDPG, at least with respect to the substrates tested.
The GENE/EMBL sequence data base was searched for protein sequences having homology to the putative polypeptide encoded by celA (16) , but no sequences with significant similarities were identified; the same was true for a search of the nucleotide sequence data base. The only UDPGP genes (cDNA) sequenced previously originate from potato tuber (10) and the slime mold D. discoideum (17) and encode polypeptides with molecular weights of 51,800 and 57,900, respectively. These two proteins show significant (42%) sequence homology with each other (10) , while a direct comparison between the celA sequence and the two eucaryotic genes did not lead to identification of sequences with significant similarities. The possibility that there also exists a more procaryotelike UDPGP gene in D. discoideum cannot be excluded, however, since two distinct UDPGP mRNAs have been identified in this organism (5) .
In S. typhimurium several forms of UDPGP also appear to exist, but it is assumed that there is only one structural gene (galU) encoding the enzyme, while another gene (galF) encodes a protein that modifies the galU protein into several forms (15) . It is not known whether a similar system exists in A. xylinum, but the molecular weight of the polypeptide deduced from the celA sequence does not correlate with that reported for any of the S. typhimurium UDPGP isozymes.
Nucleotide sequence accession number. These data have been submitted to the GenBank data base and have been assigned accession number M76548.
